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AFLP analysis of genetic diversity of Apis cerana Fabricius distributed іп 


different geographic areas in China 

JIANG Yu-Suo [] LIU Wen-Zhong' [] ZHANG Chun-Xiang [] QIAO Li- Ying [] ZHU Wen-Jin П ZHANG Gui- 
Xian'[] GUO Chuan-Jia “П 1. College of Animal Science and Technology[] Shanxi Agricultural University[] 
Taigul] Shanxi 030801[] China[] 2. Department of Animal Science[] Hebei Normal University of Science and 
Technology[] Changli[] Hebei 0666000 China[] 

Abstract[] The genetic variation and differentiation among 11 populations of Apis cerana Fabricius and one 
population of Apis mellifera ligustica Spinola from 9 provinced] cities[] of China were analysed by a total of 22 
AFLP primer combinations. The genetic similarity coefficients among 39 individuals[] and Nei’ s distance] 
Reynolds distance[] pairwise Ғ, among the populations were calculated from AFLP data. Dendrogram trees 
among individuals and/or populations were constructed based оп UPGMA clustering analysis. The results 
indicated that AFLP analysis had high assaying efficiency and provided a valuable tool for studying genetic 
diversity and breed characterization in honeybees. Remarkable genetic differentiation[] indicated by the genetic 
similarity coefficients] was found between A. cerana and A. mellifera . Extensive genetic variation was also 
existed among the nine populations of A. ceranal[] indicating that А. cerana was rich in genetic diversity. The 
UPGMA tree suggested that the honeybees of Hainan province had evolved into a unique subspecies because of 
island isolation[] which supported the results based on morphological research. 


Key words|] Apis cerana|] Apis mellifera[] ecotype[] AFLP analysis[] genetic diversity[] China 
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Table 1 List of honeybee samples for AFLP analysis 
ПП ПП 0000 00 0000 
Population Code Location Number of colonies Sample collection 
000000 0000 0000 
А. c. hainana HN Haikou[] Hainan ° Random sampling 
UUDUUuD Е] 0000 5 0000 
A. c. in Fujian Fuzhou[] Fujian Random sampling 
000000 к 0000 5 0000 
A. c. in Jiangxi ХапсһалеП( Jiangxi Random sampling 
000000 ҮМ 000000 4 0000 
А. c. in Yunnan Xishuangbanna[] Yunnan Random sampling 
000000 5С 0000 5 0000 
А. с. іп бісішап Yibin[] Sichuan Random sampling 
0000010 Е "hhi: қ 0000 
A. c. in Gansu d Tianshui[] Gansu Random sampling 
000000 1 ПППП 0000 
А. с. іп Shanxi 1 Sx] Qinshui[] Shanxi Ў Random sampling 
ППППППШ 0000 0000 
A. c. in Shami [I Sx I Qinyuan[] Shanxi 2 Random sampling 
ППППП В] 0000 5 0000 
А. с. in Beijing Fangshan[] Beijing Random sampling 
ШПППППП 1 JLI 0000 5 0000 
A. c. in Jilin 1 Huadian[] Jilin Random sampling 
ПППППП t 0000 0000 
A. c. in Jilin || JL TI Huinan[] Jilin 3 Random sampling 
0000 ПППППШППППП ПППП 
ПППППППП АМ Experimental Apiary of Shanxi 5 Ran Я 
А. т. ligustica Agricultural University шананы 





02 000ООООООООО 
Table 2 Primers used іп the selective amplification 





Hindlll t] O O Ш Hindlll primer ѕедиепсеѕ[] Mse 1 0 0 O [I]. Mse | primer sequences] 
H-1[] 5'-AGA СТС ССТ ACC АСС TTA AC M-1[] 5'-GAT GAG TCC TGA GTA ACA A 
H-2[] 5'-AGA CTG CGT ACC AGC TTA AG M-2[] 5'-GAT САС ТСС TGA СТА ACA C 
H-3[] 5'-АСА СТС ССТ ACC АСС TTA СА M-3[] 5'-GAT GAG TCC TGA GTA ACA G 
H-4[] 5'-AGA СТС ССТ ACC АСС TTA CT M-4[] 5'-GAT GAG TCC TGA GTA ACA T 
Н-50 5'-AGA СТС ССТ ACC АСС TTA СС М-50 5'-GAT САС ТСС TGA СТА ACT A 
Н-60 5'-AGA СТС ССТ ACC АСС TTA СС M-6[] 5'-GAT GAG TCC TGA GTA ACT C 
H-7[] 5'-AGA СТС ССТ ACC АСС TTA GC M-7[] 5'-GAT САС ТСС TGA СТА ACT С 





H-8[] 
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ОШОО ПП 3.5 ља 00000000 


5'-АСА СТС ССТ АСС АСС ТТА СС 








M-80 


5'-GAT GAG TCC TGA GTA ACT T 


ШШПППП 1.5 000 PERO UU 4%0 D U 
ППППП ABDBT7 LI 00 U 0 U 12 400 V[B2.9 mA 
000 2.5 00000 00 GeneScan3.0 0 O 0 
ПППППШППППИШППЯПЦИЦИППППЦПП 
ПППППП 
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0 200200 00000 0 0 Hickory v1.0.4 [] 0 0 
O Holsinger апа Lewis 2005010 O0 0000000 
0000000 250 0000 [II HU O 50 0000 00 
0000 210000 20 ААРЮООООООООО 
ZhivotovsMy 199900 00 000000000600 
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0 100000000 30000000 DNAD 
О AFLP] IILI 4297000000000 
000000 2 013.50 0000000000 
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000 2200000000000000 нзр 
мі 260000000 #40 MOD 1 17500 
0000 мр мр мр МУППППППШП 
0000000000390 000000000 
ПП 423880 ШОООООООО 95.69%00 Ú 
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U 3 220 АЕРО ОООООООО 
Table 3 Amplification results of 22 AFLP primer combinations 











ПППП ПППП ПППП Polymorphic bands ПППП Specific bands 
Primer combinations Number of bands ПП Number ПП Percent] %0 ПП Number ПП Percent] %0 
HI&MI 2 226 2 109 94.74 14 0.63 
HI&M2 2 279 2 162 94.87 16 0.70 
H1&M3 2 052 1 896 92.40 25 1.22 
H1&M5 2156 1 961 90.96 19 0.88 
H2&M3 2 090 2 012 96.27 24 1.15 
H2&M4 1 784 1 784 100 21 1.18 
H3&MI 2 670 2 553 95.62 10 0.37 
H3&M4 2 365 2 209 93.40 14 0.59 
H3&MS5 ] 859 1 820 97.90 16 0.86 
H4&M2 1175 1175 100 22 1.87 
Н4&М4 2 100 2 100 100 15 0.71 
H4&M5 1 561 1 561 100 9 0.58 
Н4&М7 2 097 2 019 96.28 23 1.10 
H5&M2 2 030 2 030 100 15 0.74 
Н5&М5 1776 1 698 95.61 17 0.96 
H5&M6 2 135 2 135 100 25 1.17 
H5&M8 1627 1510 92.81 23 1.41 
H6&M3 2 006 1 928 96.11 17 0.85 
H7&M2 2 497 2 380 95.31 9 0.36 
H7&M4 1 563 1 407 90.02 25 1.60 
H7&M6 2 087 2 050 98.0 20 1.0 
H8&M3 2162 1 889 87.37 9 0. 42 
ПП Total 44 297 42 388 388 
ППП Average 2 013.6 1 926.7 95.69 17.6 0.91 
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П 1 1200000 390000 vercma0 D D D D 
Fig. 1 UPGMA tree of 39 individuals from 12 honeybee populations 
НМІПП Hainan[] JOD О Fujian[] ЈХО0 O Лапех П ҮМІП O YunnanD] 5СПП O бісішапП 6500 O Gansu SX100 0 0 0 Qinshui[] Shanxi SX 
ІШПППП Qinyuan[] Shanxi[] ВПП O Beijing] JLI OO O O 0 Наа JilinD] JL IL D] O D. 0 На АМО ПП П А. т. ligustica. 
ПППППППППППП The numbers following the abbreviations indicate different individuals. ПП Тһе same below. 
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Table 5 Мет s genetic distances among 12 honeybee populations 
ПП ПП ПП ПП ПП ПП ППІЛІ ПП ППІЛІ ПППП 
HN FJ JX YN 5С GS SX I /SXII BJ JL I /JL II AM 
ПП HN 0.1531 0.1691 0.1692 0.1802 0.2033 0.1666 0.1795 0.2005 0.2542 
ПП FJ 0.1531 0.0394 0.0424 0.0446 0.0750 0.0519 0.0714 0.0846 0.1530 
00 JX 0.1691 0.0394 0.0496 0.0383 0.0390 0.0502 0.0655 0.0594 0.1335 
ПП YN 0.1692 0.0424 0.0496 0.0464 0.0820 0.0601 0.0856 0.0938 0.1623 
ПП sc 0.1802 0.0446 0.0383 0.0464 0.0570 0.0580 0.0890 0.0924 0.1287 
ПП 65 0.2033 0.0750 0.0390 0.0820 0.0570 0.0679 0.0901 0.0815 0.1412 
UD 1/0 ХІУ 0.1666 0.0519 0.0502 0.0601 0.0580 0.0679 0.0572 0.0634 0.1381 
ПП BJ 0.1795 0.0714 0.0655 0.0856 0.0890 0.0901 0.0572 0.0520 0.1671 
ППІЛІЛІЛІ 0.2005 0.0846 0.0594 0.0938 0.0924 0.0815 0.0634 0.0520 0.1675 
ПППП АМ 0.2542 0.1530 0.1335 0.1623 0.1287 0.1412 0.1381 0.1671 0.1675 
06 2000000 Reynolds ПППП 
Table 6 Reynolds genetic distances among 12 honeybee populations 
ПП ПП ПП ПП ПП ПП ППІЛІ ПП ППІЛІ ПППП 
HN FJ JX YN SG GS SX | /SXII BJ JL I /JL II AM 
ПП HN 0.5804 0.6525 0.7135 0.7757 0.8852 0.6120 0.6949 0.8138 1.0339 
ПП FJ 0.5804 0.1784 0.2117 0.2331 0.3837 0.2142 0.3062 0.3874 0.6664 
ПП JX 0.6525 0.1784 0.2565 0.2161 0.2370 0.2197 0.3007 0.3072 0.6412 
ПП YN 0.7135 0.2117 0.2565 0.2846 0.4849 0.2838 0.4126 0.4900 0.8058 
ПП sc 0.7757 0.2331 0.2161 0.2846 0.3853 0.2891 0.4460 0.5087 0.7281 
ПП 65 0.8852 0.3837 0.2370 0.4849 0.3853 0.3522 0.4810 0.4969 0.8294 
ОПО I/Hl SXI /II 0.6120 0.2142 0.2197 0.2838 0.2891 0.3522 0.2525 0.3048 0.6179 
ПП BJ 0.6949 0.3062 0.3007 0.4126 0.4460 0.4810 0.2525 0.2823 0.7635 
ППІ/ЛІЛІЛІ 0.8138 0.3874 0.3072 0.4900 0.5087 0.4969 0.3048 0.2823 0.8437 
ПППП АМ 1.0339 0.6664 0.6412 0.8058 0.7281 0.8294 0.6179 0.7635 0.8437 
ПТ 12ПШПШПППППИПШП 
Table7  Pairwise F. among 12 һопеуһее populations 
ПП ПП ПП ПП ПП ПП ППІЛІ ПП ППІЛІ ПППП 
HN FJ JX YN SC GS SX I /SXII BJ JL I /JL II AM 
ПП HN 0.4403 0.4793 0.5101 0.5396 0.5874 0.4577 0.5009 0.5568 0.6444 
ПП FJ 0.4403 0.1634 0.1908 0.2079 0.3186 0.1928 0.2638 0.3212 0.4864 
00 JX 0.4793 0.1634 0.2262 0.1943 0.2110 0.1972 0.2597 0.2645 0.4734 
ПП YN 0.5101 0.1908 0.2262 0.2477 0.3842 0.2471 0.3380 0.3874 0.5533 
ПП 5С 0.5396 0.2079 0.1943 0.2477 0.3197 0.2511 0.3598 0.3987 0.5172 
ПП 65 0.5874 0.3186 0.2110 0.3842 0.3197 0.2968 0.3819 0.3916 0.5637 
ОО 1/0 ХІУ 0.4577 0.1928 0.1972 0.2471 0.2511 0.2968 0.2231 0.2627 0.4609 
ПП BJ 0.5009 0.2638 0.2597 0.3380 0.3598 0.3819 0.2231 0.2460 0.5340 
ППІ/ЛЛІЛІ 0.5568 0.3212 0.2645 0.3874 0.3987 0.3916 0.2627 0.2460 0.5699 
ПППП АМ 0.6444 0.4864 0.4734 0.5533 0.5172 0.5637 0.4609 0.5340 0.5699 
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Fig. 2 UPGMA trees among 12 honeybee populations based on Мей 4] АП Reynolds genetic distanced] ВО and pairwise F[] СП 
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